on behalf of the IDEFICS consortium BACKGROUND/OBJECTIVES: This longitudinal study describes the relationship between young children's screen time, dietary habits and anthropometric measures. The hypothesis was that television viewing and other screen activities at baseline result in increased consumption of sugar-sweetened beverages (SSB) and increased BMI, BMI z-score and waist to height ratio (WHtR) two years later. A second hypothesis was that SSB consumption mediates the association between the screen activities and changes in the anthropometric measures. SUBJECTS/METHODS: The study is a part of the prospective cohort study IDEFICS (''Identification and prevention of dietary and lifestyle-induced health effects in children and infants''), investigating diet, lifestyle and social determinants of obesity in 2 to 9-year-olds in eight European countries (baseline n ¼ 16 225, two-year follow-up; n ¼ 11 038). Anthropometry was objectively measured, and behaviours were parent-reported. RESULTS: The main hypothesis was supported, but the second hypothesis was not confirmed. The odds ratio of being in the highest quintile of % change in WHtR was 1.26 (95% CI: 1.17-1.36) and in BMI 1.22 (95% CI: 1.13-1.31), for each hour per day watching television. The odds ratio of having increased SSB consumption was 1.19 (95% CI: 1.09-1.29) for each hour per day watching TV. The associations for total screen time were slightly weaker.
INTRODUCTION
Childhood obesity has a complex etiology and, according to a recent review, has long-term effects into adulthood, including premature mortality and morbidity.
1 Systematic reviews 2, 3 and pooled analysis 4 of behavioural determinants encourage focusing on specific dietary habits as well as decreasing screen time and sedentary behaviour to prevent childhood obesity.
The potential mechanisms underlying the association between screen time and increased risk of childhood overweight include physical inactivity, greater exposure to marketing of energy dense foods in TV commercials and/or eating in front of the TV. 5 A previous study on adults has found the association between TV viewing and waist circumference to be explained by dietary intake rather than by physical activity. 6 Children's television viewing has been associated with increased consumption of calorie-dense low-nutrient foods such as sugar-sweetened beverages (SSB). 7, 8 Both TV viewing 9 and consumption of SSB has in turn been linked to increased risk of childhood obesity. [10] [11] [12] SSB are nutrient poor, marketed extensively to the youth 13 and highly consumed by them. 14 Many studies have separately examined components such as TV viewing, SSB or obesity. Some have studied the associations between two of the components but fewer have investigated all three components longitudinally for young children. Furthermore, there are few studies with a multicentre approach, which has been encouraged to produce more generalizable results. 15 In a previous cross-sectional study of the same 8-country cohort that will be described here, 16 children's propensities to consume high-sugar foods were positively associated with high-risk television indicators (watching TV while having meals, having TV in the bedroom and watching TV for at least one hour per day). All television indicators were furthermore significantly associated with increased risk of overweight. The present paper is based on the 2-year follow-up survey and uses a prospective design to investigate these associations.
Purpose
The primary aim of this study is to examine associations between young children's TV viewing and other screen activities in relation to changes in consumption of SSB and changes in anthropometry.
The hypothesis is that screen activities at baseline result in increased consumption of SSB and increased BMI, BMI z-score and waist to height ratio (WHtR). A second hypothesis is that SSB consumption mediates the association between screen activities and changes in the anthropometric measures.
MATERIALS AND METHODS

Study population and study design
The study is a part of IDEFICS ('Identification and prevention of dietary and lifestyle-induced health effects in children and infants'), a large-scale study investigating diet, social determinants and lifestyle factors of 2 to 9-yearolds in eight European countries. The design of the IDEFICS study has been described previously. 17 In brief, IDEFICS is a prospective cohort study with an embedded intervention that started with a baseline survey in eight countries (Estonia, Sweden, Germany, Belgium, Hungary, Italy, Spain and Cyprus) in [2007] [2008] . Two years later, 2009-2010, a follow-up was performed. The approach was socio-ecological, and the aim was to trigger changes in behaviour as a basis for prevention of obesity 18, 19 with key messages such as enhancing daily consumption of fruits, vegetables and water and reducing TV viewing. Studying the possible intervention effects was however not the purpose of this paper. In each country, intervention and control areas were chosen based on their comparability in terms of socioeconomic level, general infrastructure, and so on.
Participants were recruited via their day care centres or schools. Participants at baseline were 16 225 children (control group n ¼ 7 745) aged 2-9 years (51.4% of those contacted). Of those, 11 038 children also had valid data (at least age, sex, height, weight) at follow-up (control group n ¼ 5 313). Parents filled in questionnaires on their children's lifestyles and diets, including a food frequency questionnaire (FFQ). At the same time, the children's height and weight were measured. Data collection methods were standardised across all study centres and all obtained approval from their local research ethics committees or institutional review boards. Informed consent was obtained from children's parents.
Measures
Anthropometric measures. Anthropometric measures were taken twice, at baseline 2007-2008 and at two-year follow-up 2009-2010. Children's body weight was measured to the nearest 0.1 kg in the morning in fasting condition and wearing underwear (TANITA BC 420 SMA scale). Height was measured to the nearest 0.1 cm (SECA 225 stadiometer). Based on these measures, BMI was calculated and, for the purpose of the present analysis, children were classified as overweight (including obese) or non-overweight (including underweight) using age and sex-specific cut-points for overweight defined by Cole et al. 20 Waist circumference was measured at the midpoint between the iliac crest and the lower coastal boarder or 10th rib and recorded at the nearest 0.1 cm for all children.
Sugar-sweetened beverages. The following question and items from the food frequency questionnaire measured the frequency of consuming SSB: In the last month, how many times did your child eat or drink the following food items? Please refer to the last four weeks and exclude all pre-school or school meals. The question included a specification that SSB include sports drinks and syrup-based drinks, and each country gave local examples of such products. Parents could choose between seven categories when answering, ranging from 'never/less than once a week' to '4 or more times per day'. The frequencies were quantified for the purpose of creating a continuous variable on SSB consumption and its change between baseline and follow-up. Previous studies investigated the reproducibility of the food consumption frequencies derived from the food frequency questionnaire and found that it gave reproducible estimates of the consumption frequency of food items measured. 21, 22 TV viewing and other screen activities. TV/video/DVD exposure was assessed by the question ''How long does your child usually watch TV/ video/DVD per day?'' Answers were separated by weekdays and weekends and categorised in six categories from ''not at all'' to ''more than 3 hours per day''. The frequencies were quantified to create a continuous hoursper-day variable. This question was included in a pilot study testing the reproducibility of the parental questionnaire, and the results suggest agreement between repeat measures. 16 Total screen time was based on the TV/video/DVD question above, plus the time sitting at the computer or playing computer games. This was measured by the question ''How long does your child usually sit at a computer/game console per day?'' with the same procedure as accounted for TV viewing. The quantified frequencies from both questions were added to create a continuous variable of hours-per-day of total screen time.
Covariates. The highest educational level attained by either parent was used as an indicator of socioeconomic status and included as a covariate. The education variable was coded according to the International Standard Classification of Education (ISCED). 23 The original ISCED levels 1, 2 and 3 were categorised as lower educational attainment and level 4 and above as higher educational attainment.
In the prospective analyses with anthropometric measures as dependent variables, we further adjusted for physical activity for about half of the sample that wore accelerometers. A variable reflecting time spent performing moderate or vigorous intensity physical activity in minutes (average over all valid days) was calculated 24 and used as a covariate in a sub sample analysis. Analyses Figure 1 illustrates the different associations analysed between screen activities, SSB consumption, and changes in anthropometry. As the age range within the sample was large, all analyses were performed in two age groups (2-o6 years and 6-o10 years).
To test the hypothesis that TV viewing and other screen activities at baseline (hours per day) predicted changes in anthropometric measures, logistic regression models were used where the outcomes of a dichotomous dependent variable were: the highest quintile of relative change in BMI from baseline to follow-up versus all the other quintiles, the highest quintile of relative change in WHtR versus other quintiles and the highest quintile of actual change in BMI z-score (defined according to Cole et al.) 25 from baseline to follow-up, versus all the other quintiles. The highest quintile was used to indicate more than minimal change in all the anthropometric measures.
To test the hypothesis that TV viewing and other screen activities at baseline predicted changes in consumption of SSB, logistic regression models were used where relative changes in consumption between baseline and follow-up were the basis for a dichotomised-dependent variable where the outcomes were: relative increase in consumption of SSB from baseline to follow-up (versus unchanged or decreased consumption).
For the above mentioned prospective analyses, the variable indicating relative change (% change) in the three outcome variables (BMI, WHtR and consumption of SSB) between baseline and follow-up was created by dividing the actual change between baseline and follow-up by baseline frequencies. Consequently, adjustments were not made for the baseline values in the regression models calculating the prospective associations. As absolute changes in BMI z-score were calculated (i.e. not relative), analyses including changes in BMI z-score were adjusted for baseline values.
In addition to analyses on changes in anthropometric measures over time, cross-sectional analyses of overweight and central obesity at baseline were performed. In cross sectional analyses, dichotomous outcomes were defined as (a) being overweight (including obese by measure of BMI categories according to Cole) Models were adjusted for age and sex of the children, parents' education, intervention and physical activity in a sub sample. All analyses were performed for the full sample and control group as well as stratified for each survey centre (country) and two age groups. The statistical programs PASW 18.0 and SPSS 21.0 were used for all statistical analyses.
RESULTS
Descriptive results
Descriptive statistics regarding socio-demographic characteristics, anthropometry and health habits can be viewed in Tables 1 and 2 .
Anthropometric measures. The prevalence of being overweight or obese was higher at follow-up than baseline in all countries ( Table 2 ) and in both intervention and control groups. The prevalence was lowest in the northern countries and by far the highest in Italy.
Between baseline and follow-up, BMI z-score increased for 61% of the children and decreased for 39%. BMI increased for 69% of the children and decreased for 28%. Cut point for highest quintile of relative change (%) in BMI was 11% increase. WHtR increased for 26% of the sample and decreased for 63%. The cut point for the highest quintile of % change in WHtR was plus 2.5%.
Sugar-sweetened beverages. In Estonia and Belgium, more than half of the sample consumed SSB at least once a week, both at baseline and follow up. In the southern countries Cyprus and Spain, the prevalence was lower, where around 20% of the sample reported consuming SSB at least once a week, both at baseline and follow-up (Table 2) .
Between baseline and follow-up, 21% of the children decreased their SSB consumption frequency per week, and 19% consumed SSB more often than at baseline. The data indicates decrease in overall SSB consumption from baseline to follow-up in full sample (in both control and intervention groups) in spite of the children growing older.
TV viewing and other screen activities. Of the full sample, 55% watched television for more than one hour a day at baseline (range between different study centres 45-67%) and the total screen time exceeded one hour a day for 73% of the sample (range 64-83%). At follow-up, the children in all countries had increased their TV and screen activities as 62% watched TV at least one hour a day (range 46-75%) and 86% exceeded one hour in total screen time per day (77-93%). See Table 2 .
Prospective and cross-sectional associations Screen activities-anthropometric measures. Prospective analyses revealed significant associations between screen activities and changes in anthropometric measures. Cross-sectional associations between baseline values for TV viewing and total screen time and being overweight according to BMI or WHtR were also significant.
Being in the highest quintile of relative change in BMI was predicted by TV viewing and total screen time at baseline according to adjusted analyses in full sample. The odds ratio of being in the highest quintile of % change in BMI was 1.22 (95% CI: 1.13-1.31) for each hour per day of watching television for the full sample and 1.17 (95% CI: 1.11-1.23) for each hour per day in total screen time. The associations for both TV viewing and total screen time were significant in both age groups (see Table 3 for analyses stratified by age groups). When analysed country by country, the associations were significant for three out of eight survey centres and the same tendency in the remaining centres. When analysing associations with changes in BMI z-score (adjusting for baseline BMI z-score) the associations were similar in all aspects: the odds ratio for being in the highest quintile of change in BMI z-score was 1.23 (95% CI: 1.14-1.32) for each hour per day of watching television for the full sample, and for total screen time the odds ratio was 1.18 (95% CI: 1.12-1.25) for each hour per day. Relative change in WHtR was another outcome variable in the longitudinal analysis of TV viewing predicting changes in anthropometry. The analysis demonstrated that TV viewing and total screen time at baseline predicted relative increase in WHtR when analysing data from all survey centres together. The odds ratio of being in the highest quintile of % change in WHtR was 1.26 (95% CI: 1.17-1.36) for each hour a day watching television and 1.18 (95% CI: 1.12-1.25) for each hour a day in total screen time. The prediction was significant in combined age groups in four out of eight survey centres separately (Figure 2 ). Separate models for each country with total screen time as the predicting variable showed significant associations for four out of eight survey centres, and the same tendency in the remaining centres.
Sensitivity analyses were performed for these associations. When excluding intervention regions from the analyses and only performing analyses on the sample from the control regions, the associations between TV and screen activities at baseline and having increased BMI, BMI z-score and WHtR were slightly weaker than in the full sample, and all associations except the one between total screen time and relative BMI change were significant (see Table X Supplementary Information). In approximately half of the sample that wore accelerometers, additionally adjusting for physical activity (minutes per day in moderate to vigorous physical activity) did not change the associations between TV viewing/total screen time and BMI, BMI z-score or WHtR.
According to cross-sectional analysis, the odds ratio of being overweight (including obese) by measure of BMI categories by Cole et al. 20 Table 3 for associations in separate age groups. All four associations (two anthropometric measures with total screen time as well as TVviewing) were significant in the samples from Belgium, Germany and Hungary separately, and the associations between TV/screen time and being overweight according to measure of BMI were also significant in the Swedish, Estonian and Italian samples. 
Screens and anthropometry: prospective relations S Olafsdottir et al
Screen activities-SSB consumption. Longitudinal analyses showed significant associations between TV/total screen time at baseline and relative changes in consumption of SSB between baseline and follow-up. The odds ratio of having increased SSB consumption was 1.19 (95% CI: 1.09-1.29) for each hour per day watching television in the full sample and 1.12 (95% CI: 1.06-1.19) for each hour per day of total screen time. When analysed in two age groups separately, the associations between TV and screen activities were only significant in the younger age group (see Table 3 ). The prediction of TV viewing was significant in three out of eight survey centres ( Figure 3 ) and for total screen time in four out of eight survey centres. Sensitivity analysis of these associations were performed by intervention regions and resulted in weaker non-significant associations in the control group. According to cross-sectional analysis, the odds ratio of consuming SSB once or more weekly was 1.57 (1.49-1.66) for each hour per day watching television in the full sample and 1.47 (1.41-1.53) for each hour in total screen time. The associations were significant in all study centres separately, aside from Cyprus.
SSB consumption as a potential mediator. The main hypothesis that screen activities at baseline resulted in increased consumption of SSB and increased BMI and WHtR was supported. The second hypothesis that SSB consumption possibly mediated the association between time spent watching screens and increased BMI or WHtR was not confirmed. Longitudinal analysis did not reveal significant associations between SSB consumption and changes in anthropometry neither in the full sample nor separate age groups (see Table 3 ), thus the foundations for possible mediation were not present. Only including those who also have data at baseline. 
DISCUSSION
This paper examined the associations between young children's TV viewing and other screen activities, consumption of SSB and anthropometric measures. In summary, we confirmed our main hypothesis that TV viewing and other screen activities at baseline predicted changes in anthropometry and consumption of SSB. The likelihood of increasing waist circumference (in relation to height) during the period of two years was 26% higher for every additional hour in front of TV, and the likelihood of increasing BMI was 22% higher. Moreover, TV still seems to be the most important screen activity since the prediction of total screen time on changes in BMI and WHtR was weaker than for TV viewing. Few studies examining similar associations as studied here, have used WHtR as an anthropometric measure; more common measures are BMI, BMI z-score or percentage body fat. Recent literature recommends WHtR as an anthropometric measure 26, 27 because high central obesity (captured with waist circumference) has been associated with increased risk of developing cardiovascular diseases. 28 For the prospective associations we used the highest quintile of increase in BMI and WHtR to indicate more than minimal change. Even so, the variables used do not necessarily indicate overweight as children who have changed within under or normal weight might still be within the highest quintile. Therefore, we also performed cross-sectional analyses where the dependent variables were indicators of overweight. Both cross-sectional and longitudinal analyses tended towards the same results, that is, TV and screen activities are associated with increased SSB consumption, body weight and waist circumference.
We confirm previous studies within and outside IDEFICS that have found an association between young children's TV viewing and food habits. Lissner 16 found strong associations between having a higher proportion of high-sugar items in the diet and having television viewing patterns characterised by eating while watching TV, having television in the bedroom and watching TV for more than one hour a day. We confirmed this association with SSB consumption as the dependent variable, arguing that the SSB comprise a large part of the sweet foods previously studied. The likelihood of increasing SSB consumption was 19% higher per hour of watching TV at baseline.
Time spent watching TV and screens increased between baseline and follow-up. The power of TV commercials is most certainly large, and increasing via other screens. Extensive literature is available on the nature and effects of marketing non-nutritious food and beverages to children 29 and WHO encourages limited TV viewing for children, not least their exposure to TV commercials for sugary food and beverages. 30 Results from our previous study showed that exposure to commercials and TV viewing time were both associated with more frequent consumption of sweet drinks, independent of each other. 31 There we also found that exposure to commercial TV increases with age, and it is therefore quite unexpected that the associations between screens and SSB consumption studied here were stronger in the younger age group. The associations with total screen time were somewhat weaker than with only TV viewing time, as previous research has also found 5, 32, 33 and might be explained by the different nature of computer use: active hands while playing computer games or doing homework, without the possibility of eating while playing. With increased total screen time for young children, the nature of the activities, content watched and games played, may vary even more. This is an important area for future research.
The second hypothesis of SSB mediating the association between screen activities and changes in anthropometry could not be confirmed as the association between SSB consumption and changes in anthropometry were not significant. The results might be a consequence of reporting bias, that is, parents may have underreported their children's consumption of SSB due to social desirability, which has been reported to influence accuracy of self-reported dietary intake, 34 or they might have had difficulties estimating their child's consumption. Another reason might be that the majority (60%) of the sample had unchanged SSB consumption frequency between baseline and follow-up.
The possible effects of the community intervention were not the focus of this paper but were however taken into account. It would have been possible to only include children from the control groups in the sample. This would on the other hand have decreased the sample size and thus statistical power. Instead, we adjusted for the intervention in all prospective analyses and, furthermore, performed sensitivity analyses in a sub-sample only including control subjects, which resulted in weaker associations than in the full sample, but not changing the conclusions. We found this improving comparability of cross-sectional and prospective samples, in addition to optimizing sample size.
Next to common limitations in dietary assessment, a limitation of the present study is that even though WHtR is considered an accurate index for screening overweight and obesity in children and adolescents, 26, 27 literature on using WHtR as a measure for the youngest children is scarce. Deciding the role of growth in the associations studied is difficult and we took this into consideration by performing all analyses in separate age groups. Another limitation is that the prevalence presented in this paper may not be representative for each of the countries as survey centres in each country were not chosen based on national representativeness.
The strengths of this study are the multicentre approach with different European countries being represented. Also the large data set where descriptive results on prevalence of overweight, screen and dietary habits for studying children's lifestyles are given. Our findings are also strengthened by longitudinal analyses of several important variables.
For future research, it is important to study the content of television programs aired at children's peak viewing times. Further studies are moreover necessary to be able to design effective interventions promoting children's health.
CONCLUSION
Our findings indicate that the effects of television viewing and screen time for young children are substantial, both on the consumption of sugary drinks and on an increase in BMI and central obesity. The hypothesis on SSB mediating the relationship between screen activities and changes in anthropometry could not be confirmed in this sample. Our findings suggest that TV is still an important part of the time young children spend in front of screens, as it constitutes the majority of this time. Furthermore, TV still seems to have a stronger effect on food habits and anthropometry than other screen activities.
